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event  that  there  is  a difference  between  this  document  and  the  Specified  Gas  Emitters  Regulation  or 
legislation,  the  Specified  Gas  Emitters  Regulation  or  the  legislation  prevails. 
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10025  - 106  Street 
Edmonton,  Alberta,  T5J  1G4 
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1.0  Project  and  Methodology  Scope  and  Description 

This  quantification  protocol  is  written  for  the  aerobic  landfill  bioreactor  project  developer.  This 
protocol  is  written  assuming  the  reader  has  some  familiarity  with  or  general  understanding  of,  waste 
management  practices  including  aerobic  composting  and  the  operation  of  a landfill. 

The  opportunity  for  generating  carbon  offsets  with  this  protocol  arises  from  directly  avoiding 
methane  emissions  from  materials  anaerobically  decomposing  in  landfills.  Specifically,  this 
protocol  covers  landfills  or  landfill  cell(s)  which  are  at  capacity  / will  not  be  accepting  more  waste 
materials,  and  are  covered.  Rather  than  the  content  of  these  landfills  or  landfill  cell(s)  decomposing 
anaerobically  and  producing  methane,  wells  are  drilled  for  the  purposes  of  aerating  the  waste  and 
recirculating  leachate.  Conditions  are  maintained  to  support  aerobic  decomposition  of  the  waste. 
The  resulting  carbon  dioxide  emissions  are  considered  as  biogenic. 


1.1  Protocol  Scope  and  Description 

The  project  condition  is  that  of  an  aerobic  landfill  bioreactor.  This  protocol  can  be  applied  to 
existing  landfills  or  landfill  cells  that  are  retro-fitted  to  incorporate  an  aerobic  landfill  bioreactor,  as 
well  as  to  landfills  or  landfill  cells  that  were  originally  designed  and  constructed  to  employ  the  use 
of  aerobic  landfill  bioreactor  technology. 

Wells  are  drilled  at  various  depths  throughout  the  landfill  or  landfill  cell(s).  Some  of  these  wells  are 
used  for  pumping  air  into  the  waste  material  and  recirculating  leachate,  while  the  rest  are  used  as 
vents  for  the  escaping  gases.  This  provides  the  conditions  to  support  aerobic  decomposition  and 
thus  the  production  of  carbon  dioxide  as  the  main  product  of  decomposition.  This  carbon  dioxide 
then  follows  a preferential  escape  pathway  up  and  out  of  the  venting  wells. 

FIGURE  1.1  offers  a process  flow  diagram  for  a typical  project. 

Protocol  Approach: 

Typically,  in  the  baseline  condition,  landfill  gas  (LFG)  is  passively  emitted  due  to  the  anaerobic 
decomposition  of  the  organic  components  within  a landfill.  The  aerobic  landfill  bioreactor  may  be 
installed  at  sites  where  there  was  previously  a landfill  collection  and  destruction  system.  This 
would  indicate  that  the  previously  installed  system  was  not  meeting  the  operational  objectives  for 
the  site  and  the  technology  addresses  the  remaining  methane  potential  at  the  site.  Therefore,  the 
baseline  condition  would  revert  to  the  passive  emission  of  landfill  gas  generated  under  anaerobic 
conditions  unless  otherwise  mandated  by  law. 

FIGURE  1.2  offers  a process  flow  diagram  for  a typical  baseline  configuration. 
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FIGURE  LI:  Process  Flow  Diagram  for  Project  Condition 
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Protocol  Applicability: 

To  meet  the  requirements  under  this  protocol,  the  project  developer  must  supply  sufficient  evidence 
to  demonstrate  that: 

1 . The  landfill  facility  is  being  operated  under  the  conditions  of  its  operating  license; 

2.  The  monitoring  of  the  methane  concentration  and  flow  in  the  venting  wells  are  maintained 
consistently  and  that  gaps  in  automated  or  manual  monitoring  do  not  exceed  5 days; 

3.  During  shut-downs  of  the  aeration  system,  monitoring  must  be  maintained  on  a minimum 
frequency  of  every  5 days,  to  account  for  any  methane  emissions  that  may  occur  should  the 
bioreactor  revert  back  to  anaerobic  conditions  in  the  absence  of  air  flow  and  that  there  are  no 
material  fugitive  emissions  of  methane; 

4.  The  landfill  or  landfill  cell(s)  are  covered  as  per  the  operating  requirements  to  manage 
passive  landfill  gas  migration,  and  therefore  minimal  fugitive  release  of  methane; 

5.  Fugitive  emissions  are  measured  four  times  per  year  using  a flux  chamber  so  as  to  calculate 
the  flow  rate  and  concentration  of  passive  landfill  emissions  during  project  operation. 
Quarterly  measurements  must  be  conducted  approximately  three  months  apart  to  account  for 
seasonal  variations,  and  the  methodology  used  for  flux  chamber  measurements  must  ensure 
accuracy  and  be  robust  enough  to  provide  uncertainty  ranges  in  the  measurements;  and 

6.  The  quantification  of  reductions  achieved  by  the  project  is  based  on  actual  measurement  and 
monitoring  (except  where  indicated  in  this  protocol)  as  indicated  by  the  proper  application  of 
this  protocol. 

Protocol  Flexibility: 

Flexibility  in  applying  the  quantification  protocol  is  provided  to  project  developers  in  the  following 
ways: 

1.  During  extended  shut-down  periods,  alternative  monitoring  and/or  modelling  procedures 
may  be  implemented  that  must  be  shown  to  conservatively  measure  or  estimate  the  methane 
emissions  that  may  result  during  these  periods  should  the  bioreactor  revert  back  to  anaerobic 
conditions  in  the  absence  of  air  flow. 

2.  Site  specific  emission  factors  may  be  substituted  for  the  generic  emission  factors  indicated  in 
this  protocol  document.  The  methodology  for  generation  of  these  emission  factors  must 
ensure  accuracy;  and  be  robust  enough  to  provide  uncertainty  ranges  in  the  factors; 


If  applicable,  the  proponent  must  indicate  and  justify  why  flexibility  provisions  have  been  used. 
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1.2  Glossary  of  New  Terms 


Aerobic  Landfill  Bioreactor: 

A landfill  cell  that  is  specifically  engineered  to  enhance  the 
aerobic  decomposition  of  wastes  through  careful  manipulation 
of  site  conditions 

Anaerobic  Decomposition: 

The  decomposition  of  organic  matter  in  the  absence  of 
oxygen. 

Landfill: 

A landfill  is  a site  at  which  materials  are  stored  where  they  can 
undergo  anaerobic  decomposition.  This  may  include  the 
materials  being  buried,  piled,  mixed  with  other  waste 
materials,  or  otherwise.  Landfills,  classified  as  either 
controlled  or  uncontrolled,  are  included  in  this  definition.  The 
designation  of  controlled  or  uncontrolled  refers  to  the  level  of 
permitting  and  technical  controls  in  place  at  the  disposal  site. 
Uncontrolled  landfills  may  exist  where  although  there  is  no 
expressly  stated  goal  to  leave  the  materials  in  place,  there  is  a 
track  record  of  material  residing  in  that  place  for  extended 
periods  (greater  than  10  years)  and  there  are  no  plans  or 
regulatory  requirements  for  the  material  to  be  transferred  to 
another  disposal  site. 

Landfill  Gas: 

Gas  resulting  from  the  decomposition  of  wastes  placed  in  a 
landfill  typically  comprised  primarily  of  methane,  carbon 
dioxide  and  other  trace  compounds. 

Landfill  Gas  System: 

Installation  of  infrastructure  that  in  operating  causes  a 
decrease  in  GHG  emissions  through  the  collection  and 
destruction  of  the  methane  component  of  LFG. 

Project  Period: 

The  period  of  time  in  between  methane  generation  potential 
measurements  - also  known  as  the  reporting  period.  The 
crediting  cycle  is  eight  years  with  possible  renewable  for  five 
years. 
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2.0  Quantification  Development  and  Justification 

The  following  sections  outline  the  quantification  development  and  justification. 


2.1  Identification  of  Sources  and  Sinks  (SS’s)  for  the  Project 

SS’s  were  identified  for  the  project  by  reviewing  the  relevant  process  flow  diagrams  and 
consulting  with  project  developers.  This  process  confirmed  that  the  SS’s  in  the  process 
flow  diagrams  covered  the  full  scope  of  eligible  project  activities  under  the  protocol. 

Based  on  the  process  flow  diagrams  provided  in  FIGURE  1.1,  the  project  SS’s  were 
organized  into  life  cycle  categories  in  FIGURE  2.1.  Descriptions  of  each  of  the  SS’s  and 
their  classification  as  controlled,  related  or  affected  are  provided  in  TABLE  2.1. 
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2.2  Identification  of  Baseline 

The  baseline  condition  represents  the  emissions  of  greenhouse  gases  (mainly  methane)  from  the 
organic  component  of  the  waste  decomposing  in  a landfill  or  landfill  cell(s)  that  would  have 
resulted  had  the  aerobic  landfill  bioreactor  not  been  implemented.  The  baseline  is  therefore 
dependent  upon  the  methane  generation  potential  (Lo)  of  the  landfill  or  landfill  cell(s),  the  value 
of  which  is  determined  through  direct  landfill  sampling  and  analysis  using  the  biochemical 
methane  potential  assay  approach.  Had  the  landfill  employed  landfill  gas  capturing  technology 
prior  to  the  project,  this  system  can  be  assumed  to  no  longer  be  either  technically  or 
economically  feasible  given  that  it  is  being  replaced  with  this  technology,  and  thus  landfill  gas 
collection  is  not  appropriate  as  a baseline. 

The  approach  to  quantifying  the  baseline  is  direct  sampling  of  the  landfill  providing  the  highest 
level  of  certainty  available. 

The  baseline  condition  is  defined,  including  the  relevant  SS’s  and  processes,  as  shown  in 
FIGURE  1.2.  More  detail  on  each  of  these  SS’s  is  provided  in  Section  2.3,  below. 

2.3  Identification  of  SS’s  for  the  Baseline 

Based  on  the  process  flow  diagrams  provided  in  FIGURE  1.2,  the  project  SS’s  were  organized 
into  life  cycle  categories  in  FIGURE  2.2.  Descriptions  of  each  of  the  SS’s  and  their 
classification  as  either  ‘controlled’,  ‘related’  or  ‘affected’  is  provided  in  TABLE  2.2. 
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2.4  Selection  of  Relevant  Project  and  Baseline  SS’s 

Each  of  the  SS’s  from  the  project  and  baseline  condition  were  compared  and  evaluated  as 
to  their  relevancy  using  the  guidance  provided  in  Annex  VI  of  the  “Guide  to  Quantification 
Methodologies  and  Protocols:  Draft”,  dated  March  2006  (Environment  Canada).  The 
justification  for  the  exclusion  or  conditions  upon  which  SS’s  may  be  excluded  is  provided 
in  TABLE  2.3  below.  All  other  SS’s  listed  previously  are  included. 
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2.5  Quantification  of  Reductions,  Removals  and  Reversals  of 
Relevant  SS’s 

2.5.1  Quantification  Approaches 

Quantification  of  the  reductions,  removals  and  reversals  of  relevant  SS’s  for  each  of  the 
greenhouse  gases  will  be  completed  using  the  methodologies  outlined  in  TABLE  2.4, 
below  and  for  the  SS’s  under  the  flexibility  mechanisms  in  APPENDIX  A.  These 
calculation  methodologies  serve  to  complete  the  following  three  equations  for  calculating 
the  emission  reductions  from  the  comparison  of  the  baseline  and  project  conditions. 


Emission  Reduction  = Emissions  Baseline  - Emissions  project 


Emissions  Baseline  Emissions  Methane 


Emissions  Project  — Emissions  Landfill  Bioreactor  Operation  F Emissions  Venting 

+ Emissions  Fugitive  F Emissions  Fuel  Extraction  / Processing 
+ Emissions  Methane  Generation  Potential 


Where: 


Emissions  Baseline  = sum  of  the  emissions  under  the  baseline  condition. 

Emissions  Methane  = emissions  under  SS  B6  Waste  Decomposition  and  SS  B7 
Methane  Generation  Potential 


Emissions  project  = emissions  under  the  project  condition. 

Emissions  Aerobic  Landfill  Bioreactor  Operation  emissions  Under  SS  P6  Aerobic 

Landfill  Bioreactor  Operation 
Emissions  venting  = emissions  under  SS  P7  Venting 
Emissions  Fugitive  = emissions  under  SS  P8  Fugitive  Emissions 
Emissions  Fuel  Extraction  / Processing  = emissions  under  SS  P9  Fuel  Extraction 

and  Processing 

Emissions  Methane  Generation  Potential = emissions  under  SS  PI  8 Methane 

Generation  Potential 


Baseline  Emissions  Management  Inc. 
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2.5.2.  Contingent  Data  Approaches 

Contingent  means  for  calculating  or  estimating  the  required  data  for  the  equations  outlined 
in  section  2.5.1  are  summarized  in  TABLE  2.5,  below. 

2.6  Management  of  Data  Quality 

In  general,  data  quality  management  must  include  sufficient  data  capture  such  that  the  mass 
and  energy  balances  may  be  easily  performed  with  the  need  for  minimal  assumptions  and 
use  of  contingency  procedures.  The  data  should  be  of  sufficient  quality  to  fulfill  the 
quantification  requirements  and  be  substantiated  by  company  records  for  the  purpose  of 
verification. 

The  project  proponent  shall  establish  and  apply  quality  management  procedures  to  manage 
data  and  information.  Written  procedures  should  be  established  for  each  measurement  task 
outlining  responsibility,  timing  and  record  location  requirements.  The  greater  the  rigour  of 
the  management  system  for  the  data,  the  more  easily  an  audit  will  be  to  conduct  for  the 
project. 

2.6.1  Record  Keeping 

Record  keeping  practises  should  include: 

a.  Electronic  recording  of  values  of  logged  primary  parameters  for  each 
measurement  interval; 

b.  Printing  of  monthly  back-up  hard  copies  of  all  logged  data; 

c.  Written  logs  of  operations  and  maintenance  of  the  project  system  including 
notation  of  all  shut-downs,  start-ups  and  process  adjustments; 

d.  Retention  of  copies  of  logs  and  all  logged  data  for  a period  of  7 years;  and 

e.  Keeping  all  records  available  for  review  by  a verification  body. 

2.6.2  Quality  Assurance/Quality  Control  (QA/QC) 

QA/QC  can  also  be  applied  to  add  confidence  that  all  measurements  and  calculations  have 
been  made  correctly.  These  include,  but  are  not  limited  to: 

a Protecting  monitoring  equipment  (sealed  meters  and  data  loggers); 
b Protecting  records  of  monitored  data  (hard  copy  and  electronic  storage); 
c Checking  data  integrity  on  a regular  and  periodic  basis  (manual  assessment, 
comparing  redundant  metered  data,  and  detection  of  outstanding 
data/records); 

d Comparing  current  estimates  with  previous  estimates  as  a ‘reality  check’; 
e Provide  sufficient  training  to  operators  to  perform  maintenance  and 
calibration  of  monitoring  devices; 

f Establish  minimum  experience  and  requirements  for  operators  in  charge  of 
project  and  monitoring;  and 

g Performing  recalculations  to  make  sure  no  mathematical  errors  have  been 
made. 
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7.  Justify  measurement  or 
estimation  and  frequency 

None 

Baseline  SS’s 

None 

6.  Frequency 

5.  Contingency 
Method 

time  period. 

4.  Measured  / 
Estimated 

3.  Unit 

00 

bO 

2.  Parameter  / 
Variable 

The  potential  for 
methane  generation 
of  the  landfill  at  the 
start  of  the  project 
period  / L0 

The  potential  for 
methane  generation 
of  the  landfill  at  the 
start  of  the  project 
period  / L0 

1.0  Project  / 
Baseline  SS 

PI 8 Methane 

Generation 

Potential 

B6  Waste 
Decomposition 
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